Background. The objective was to investigate the long-term development of pain and hyperalgesia after patella fractures. The secondary objective was to report the association between tibiofemoral and patellofemoral osteoarthritis, pain, and hyperalgesia.
Introduction
Patella fractures account for 0.6% to 0.8% of all fractures [1] . A recent study by Larsen et al. [2] reported the overall incidence to be 13.1/100,000/year.
Long-term knee pain and altered health-related quality of life (QOL) following patella fractures are commonly reported in the literature [3] [4] [5] [6] [7] [8] [9] [10] [11] . However, the etiology of the pain and hyperalgesia have not been systematically studied. It is likely that knee pain is related to post-traumatic knee osteoarthritis, stiffness of the knee joint, and decreased muscle strength, which are all commonly reported as part of the long-term outcomes following patella fractures [3] [4] [5] [6] [7] [8] [9] [10] [11] . Moreover, trauma leading to the fracture of the patella, including significant soft tissue damage, may lead to pain sensitization and hyperalgesia (increased sensitivity to pain or enhanced intensity of pain sensation) [12] .
Assessment of local and widespread deep tissue pain sensitivity by recording pain pressure thresholds (PPTs) has been used in several studies on patients reporting musculoskeletal pain [12] [13] [14] [15] [16] . ArendtNielsen and Graven-Nielsen [12] demonstrated that musculoskeletal pain is associated with reduced pain pressure thresholds. A systematic review by Suokas et al. [17] reported that patients with knee osteoarthritis presented with lower PPTs than healthy controls and that both the affected joint and the remote side were affected. Moreover, a number of studies have reported that patients with chronic musculoskeletal pain reported deep tissue hyperalgesia [14, 17, 18] .
Osteoarthritis of the knee joint has historically been viewed primarily as a disorder of the tibiofemoral joint. Radiographic assessment of patients with knee osteoarthritis has focused solely on the antero-posterior x-rays. Skyline projections visualizing the patellofemoral joint have not been included in standard assessments of knee osteoarthritis. As a consequence, most studies that evaluated pain following knee osteoarthritis lack information regarding patellofemoral osteoarthritis [14, 19] . However, Hinman and Crossley [20] . reported that patellofemoral osteoarthritis is associated with considerable pain and disability. Moreover, Hunter et al. [21] reported that reduced patella cartilage volume was associated with increasing pain and decreasing function and WOMAC scores. In contrast, neither femoral nor tibial cartilage volume was found to have strong associations with WOMAC scores [21] .
The objective of this study was to investigate the longterm development of pain and hyperalgesia after patella fractures. The secondary aim was to report the association between tibiofemoral osteoarthritis, patellofemoral osteoarthritis, and pain and hyperalgesia.
Methods

Recruitment of Patients
All patients age 18 to 80 years who were treated for a patella fracture at Aalborg University Hospital between January 1, 2006, and December 31, 2009 were included in the study.
Patients were excluded if they received the primary treatment abroad or in another region of Denmark, if they were unable to fill out the patient-reported questionnaires due to physical or mental disability, or if they had an illness or subsequent surgery that rendered radiological assessment of osteoarthritis impossible. Patients who were pregnant at the time of follow-up were also excluded. (Figure 1 ).
All patients were informed about the study by mail and were invited to participate. If the patient did not reply, a second request was sent by mail. Larsen et al.
approved the study, which was performed according to the principles of the Helsinki declaration. The reporting of the study complies with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement [22] .
Treatment of Patients
Patients in the present study diagnosed with nondisplaced patellar fractures were treated conservatively with a functional brace, initially locked at 0 to 30 and gradually unlocked. Nondisplaced vertical fractures were not immobilized, and the patients were allowed to move and freely strain the knee. Displaced fractures were treated with open reduction and internal fixation with Kwires and cerclage. The postoperative treatment consisted of an angle stable brace and gradual unlocking. All patients were offered a physiotherapy program starting six weeks following fracture including muscle strength, function/ADL (activity of daily living), and range of knee motion exercises.
Study Design
A cohort design was used for this study. Data were collected by retrospective chart review and clinical examination of all patients. The primary outcome measure was the PPT. Patient history, development of knee pain, WOMAC [23] pain and function and EQ-5D-5L [24] pain scores, radiology of the knee joint, and PPTs were systematically obtained.
Pain Intensity
The pain intensity of the worst pain during the last 24 hours in the injured knee was measured on a 10 cm visual analog scale (VAS) with the end points of "no pain" and "maximal pain."
Pressure Pain Sensitivity
The pain sensitivity was assessed by pressure pain thresholds and recorded by handheld pressure algometry (Algometer Type II, Somedic AB, Sweden). Pressure was applied at a rate of 30 kPa/s with a 1 cm 2 probe until the patient perceived the pressure as painful and pressed the stop button. The rate of increase in pressure was maintained by using a scale on the pressure algometry indicating the rate of change in pressure. The examiner ensured that the scale indicated approximately 30 kPa/s during assessment of PPTs. If the test exceeded 1,000 kPa, it was interrupted and 1,000 kPa was documented as the test result. The PPT was assessed bilaterally at six sites in the knee region and one site on the forearm (Figure 2 ). All PPT assessment sites were assessed twice, and each recording was separated by approximately five seconds. The average of the two PPT measurements from all seven sites, respectively, was calculated and used for further analysis.
Radiological Outcomes
All fractures were classified according to the AOclassification: extra articular (34-A1: avulsion and 34-A2: isolated body fracture), partial articular (34-B1: vertical lateral fracture and 34-B2: vertical medial fracture), or complete articular (34-C1: transverse fracture, 34-C2: transverse fracture plus second fragment and 34-C3: comminuted fracture) [25] .
At follow-up, standing anteroposterior projections were taken of both knees, and lateral and skyline projections were taken of the injured knee. Patellofemoral osteoarthritis was classified as described by Sperner et al. (normal or with one of four levels of osteoarthritis) [26] . Tibiofemoral osteoarthritis was classified as described by Kellgren and Lawrence (normal or with one of four levels of osteoarthritis) [27] . The anteroposterior projection of the injured knee taken at the time of diagnosis and the x-rays of both knees taken at follow-up were evaluated.
Statistics
The assumption of normal distribution variables was checked visually by QQ plots. Continuous data were expressed as the mean and standard deviation. Categorical data were expressed as frequencies.
Paired sample t tests were used to compare PPTs between injured and noninjured legs. Difference in PPTs 
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between high-/low-energy trauma and surgical/conservative treatment were analyzed with an independentsamples t test. A Spearman's rank test was used for analysis of the correlation between VAS pain and PPTs.
Results of the Sperner and the Kellgren/Lawrence classification were recoded into three degrees of osteoarthritis for analysis. The absence of radiological signs of osteoarthritis was defined as "none", "grade I and II signs of osteoarthritis were defined as "mild"," and grade III and IV signs of osteoarthritis were defined as "severe osteoarthritis." Differences in the PPTs between osteoarthritis categories were analyzed with a one-way analysis of variance. Differences in PPTs between high-/low-energy trauma and surgical/conservative treatment were analyzed with a t test.
A P value of less than 0.05 was considered statistically significant. The statistical analysis was performed using SPSS (version 22).
Results
A total of 322 patients were invited to participate in this long-term outcome cohort study. Forty-nine patients were eligible for follow-up. The details of the recruitment process are shown in Figure 1 .
The mean age at the time of follow-up was 53.9 years, and the ages ranged from 20 to 78 years. The mean follow-up time was 8.5years, with a range of 7 to 10 years. Baseline characteristics are presented in Table 1 .
Pain Intensity
The VAS score for the worst pain during the last 24 hours was reported, with a range of 1 to 10 cm and an average of 2.9 6 2.4 cm. Thirty-four patients reported a VAS score of 1 to 3 cm, nine patients reported a score of 4 to 6 cm, and six patients reported a score of 7 to 10 cm.
The VAS score for resting pain was reported as 1 to 6 cm, with an average of 1.9 6 1.5 cm. Forty-one patients reported a VAS score of 1 to 3 cm, and eight patients reported a VAS of 4 to 6 cm.
The VAS score for pain during sports was reported as 1 to 10 cm, with an average of 3.7 6 2.6 cm. Twenty-four patients reported a VAS score of 1 to 3 cm, sixteen patients reported a VAS score of 4 to 6 cm, and nine patients reported a VAS score of 7 to 10 cm.
Pressure Pain Sensitivity
The outcome scores for all PPT sites for the injured and noninjured leg are presented in Table 2 . The analysis showed significantly decreased PPT levels for the injured leg compared with the noninjured leg for sites 1 to 5 (sites around the knee joint, P < 0.046) but not for site 6 (tibialis posterior, P ¼ 0.22) and site 7 (forearm, P ¼ 0.24) in (Table 3 ).
The outcome scores for all PPT sites for the injured and noninjured leg divided into patients older and younger than the age of 59 years are presented in Table 2 . Younger patients ( 59 years) showed generally lower PPT levels on both the injured and noninjured side compared with patients older than 59 years of age.
Patients with patellofemoral and tibiofemoral osteoarthritis showed decreased levels of PPT compared with patients without patellofemoral osteoarthritis for sites 1 to 6 but not for site 7 (forearm), indicating increased levels of hyperalgesia in patients with osteoarthritis (Table 4) .
No significant difference in PPT levels (sites 1-7) between high-/low-energy trauma and surgical/conservative treatment was observed (P > 0.06).
Patient-Reported Outcomes
The EQ-5D-5L pain scale was reported, with a mean score of 2.4 (95% confidence interval [CI] ¼ 2.0-2.7). The WOMAC pain score was reported, with a mean of 3.9 (95% CI ¼ 2.8-4.9). The WOMAC functional scale was reported, with a mean of 13.5 (95% CI ¼ 10.1-17.0). 
Correlations Between PPTs and Pain Intensity
Moderate and significant correlations between individual VAS scores (worst pain during the last 24 hours) and mean PPT levels (average data from sites 1-6 for injured leg) were found (R ¼ 0.428, P ¼ 0.002). Weak but significant correlations were found between individual VAS scores and PPT levels for site 7 (R ¼ 0.313, P ¼ 0.03). Table 4 shows the PPT levels of the injured leg and VAS pain outcomes divided into graduated tibiofemoral and patellofemoral osteoarthritis. The analysis showed a tendency toward decreasing levels of PPTs for sites 1 to 6, with increasing degrees of patellofemoral and tibiofemoral osteoarthritis. Comparable PPT levels for site 7 (forearm) were observed for increasing levels of both patellofemoral and tibiofemoral osteoarthritis.
Pain Outcome Divided into Graduated Patellofemoral and Tibiofemoral Osteoarthritis
VAS pain (the worst pain during the last 24 hours) showed almost comparable levels of pain between the different levels of tibiofemoral and patellofemoral osteoarthritis (Table 4) .
Discussion
To the authors' knowledge, the present study is the first to systematically examine long-term pain and hyperalgesia following patella fractures. The main result was that long-lasting local hyperalgesia following a patella fracture was common. The results showed significantly decreased levels of pain pressure thresholds in the region surrounding the injured knee compared with the noninjured knee. Moreover, PPT measurements of the tibialis anterior muscle and forearm showed no side-toside differences, indicating that distal or widespread hyperalgesia was not part of the long-term outcome following a patella fracture. However, no data from healthy individuals were included, and therefore no conclusions regarding causality can be drawn.
Long-term knee pain and altered health-related QOL following patella fractures are commonly reported in the literature [3] [4] [5] [6] [7] [8] [9] [10] [11] . The present study showed average levels of VAS pain below 3 with regards to both resting pain and the worst pain during the last 24 hours. Patients reported the most pain during sports, with an average VAS score of 3.7 6 2.6 cm. Compared with patients with knee osteoarthritis presenting with chronic and progressive disability and generally high VAS scores [14, 18] , patients from the present study showed generally low levels of VAS pain. Although patients presented with generally low levels of VAS pain, the patientreported outcome of the WOMAC subscale pain and function showed worse outcomes compared with the population norms [28, 29] . The low levels of reported VAS pain in the present study may be a consequence of patients refraining from activities that lead to the pain, although these activities would otherwise be of value to the individual patient, which in turn provides a possible explanation for the lower WOMAC pain and functional scores. The present study showed a moderate correlation between VAS scores and PPT levels measured around the injured knee region, indicating that increased hyperalgesia was associated with increased pain following a patella fracture. These findings are in line with a study by Arendt-Nielsen et al. [18] , who reported moderate to high correlations between PPT levels and VAS pain in patients with painful knee osteoarthritis. However, Larsen et al. [16] reported weak or no significant correlations between PPT levels and VAS pain in patients with a shaft fracture of the tibia. This difference may be due to knee joint involvement of patients with patella fractures and patients with painful OA, which is not the case in shaft fractures of the tibia. Moreover, weak correlations were observed between VAS scores and PPT levels measured at the forearm, indicating that hyperalgesia following a patella fracture is a localized phenomenon.
At the 8.5-year follow-up, 13 out of 49 patients presented with moderate to severe patellofemoral osteoarthritis, and five patients presented with moderate to severe tibiofemoral osteoarthritis. The results showed a tendency toward decreasing levels of PPT around the injured knee region, with increasing degrees of patellofemoral and tibiofemoral osteoarthritis. However, VAS pain showed almost comparable levels of pain between the different levels of tibiofemoral and patellofemoral osteoarthritis. These findings are in contrast to Hinman and Crossley [20] , who reported that patellofemoral osteoarthritis is associated with considerable pain. However, the present study lacks the power to address this important question, and more research is required.
To the authors' knowledge, no clinical consensus regarding postoperative treatment modalities including rehabilitation exists related to the treatment of patella fractures. Findings from the present study suggest that long-lasting local hyperalgesia is common following a patella fracture. Inclusion of this information in the planning of future postoperative treatment modalities may improve treatment in patients following patella fractures.
Strengths and Limitations
There are several limitations to the present study. The nature of the observational design implies that no conclusion regarding causality can be drawn. The main limitation is the possible selection bias due to the low rate of participation. However, this is comparable with other studies evaluating outcomes following patella fractures [10, 11] , and an analysis of the basic characteristics of the respondent vs nonrespondent groups showed no difference in baseline characteristics between the two groups except for the characteristic high-/low-grade trauma (Table 5 ). However, due to the low number of participants included in the present study, some of the comparisons may be slightly underpowered. A second limitation to the study is the exclusion of patients who received a total knee replacement (N ¼ 3), which might have excluded the patients with more severe symptoms, pain, and osteoarthritis because osteoarthritis is the most frequent indication for total knee replacement [30, 31] . Furthermore, five of 49 patients used analgesics (paracetamol ¼ 4, morphine ¼ 1), which might have influenced the pain assessment for these patients. Moreover, the measurement error associated with repeated PPT examination has been reported in the literature [32] , but to the authors' knowledge no previous studies have been conducted on patients following a patella fracture. This study provided novel findings and useful information for understanding the long-term pain following a patella fracture.
Conclusions
The results of the present study suggest that longlasting local hyperalgesia following a patella fracture is common. PPT measurements of the tibialis anterior muscle and forearm showed no side-to-side differences, indicating that the observed local hyperalgesia was not part of a generalized sensitization following a patella fracture. 
